Fractures of the tibia through the proximal epiphysis are rare. This injury usually results from severe direct or indirect force about the knee, and has not been described as resulting from a patellar tendon avulsion injury. Four patients presented with five avulsion fractures of the proximal tibial epiphysis. All were older adolescent males who had been engaged in jumping sports when the injury occurred; one had bilateral injury. All the patients were treated by closed reduction and plaster cast immobilization for 4-8 weeks, with satisfactory results. On the basis of our cases and five cases previously reported, the authors would agree with Ryu and Debenham's suggestion that the Watson-Jones classification, which divides avulsion fractures of the tibial tubercle into three types, should be expanded to include this fourth type -avulsion fracture of the proximal tibial epiphysis.
Fractures of the proximal tibial epiphysis are rare adolescent injuries which are produced by two different mechanisms: severe direct or indirect force about the knee separating the tibia through the full width of the proximal tibial epiphysis or an avulsion force separating the anterior portion of the proximal tibial epiphysis. The former is usually caused by a high-energy motor accident or collision during a contact sport, while the latter is caused by a high-tensile load to the tibial tuberosity during a jumping sport. A total fracture-separation of the proximal tibial epiphysis caused by an avulsion force is extremely rare. The authors have found only five [1] [2] [3] fractures reported in the literature' .
In the present report, five such fractures are described in four patients who were injured in jumping sports. Table 1 summarizes the clinical information on these patients. All were boys, two aged 15 years and two aged 16 . Three patients showed unilateral involvement and one bilaterial involvement, and all fractures were closed. All of the injuries were sustained during sporting activities: two boys were injured during a high jump, one in a long jump, and one during basketball. In three of the five fractures, the patients felt that their injuries occurred on take-off for their jump while the remaining two injuries occurred on landing. All patients presented with pain and swelling about the anteromedial part of the proximal end of the tibia. Three patients were unable to extend the involved knee or bear weight.
Material and methods
Radiographs revealed a Salter-Harris type II fracture of the proximal tibial epiphysis4: this was an avulsion fracture of the tibial tuberosity with the fracture line extending through the proximal tibial physis and metaphysis into the posterior cortex. Displacement of the fragment with posterior angulation was noted in four fractures: these were treated by closed reduction and long-leg cast immobilization for 4-8 weeks. One of these injuries required percutaneous pinning to stabilize the fracture. One fracture, where there was no displacement of the fragment, was treated in a cylinder cast for 4 weeks. An undisplaced fibular fracture at the same level as the tibial fracture was recognized in two patients. No neurovascular damage was noted in our series.
Results
In all patients the fractures healed uneventfully and full weight-bearing was allowed after 4-8 weeks. The patients were able to return to full activity after approximately 3 months. They had a minimum follow-up of 1 year, with a mean follow-up of 15 months. All patients had a full range of knee movement and normal quadriceps function with no muscle atrophy. Although premature closure of the involved tibial physis was recognized in two patients, there was no discrepancy in length or angular deformity of the legs. Radiographs showed a Salter-Harris type II fracture in both legs in an anteroposterior plane through the proximal tibial physis and metaphysis, with posterior angulation (Figure 1 ). There was also a fibular fracture in the left leg. The fractures were reduced by a closed manipulation with the knee extended and direct manual pressure over the tibial tubercle. Both knees were immobilized in long-leg casts for 6 weeks. Follow-up examination 1 year later revealed no bony abnormality and full range of movement in both knee joints, although radiographs showed premature closure of both tibial physes ( Figure 2 ). Case 2 A 16-year-old boy sustained injury to the left knee while doing the high jump. He felt that his injury occurred on take-off. At examination he had a pain and swelling over the tibial tuberosity. He was able to extend his knee against gravity.
Radiographs revealed that the tongue-like projection of the anterior tibial epiphysis was lifted upward and a fracture line extended obliquely downward across the metaphysis into the posterior cortex ( Figure  3 ). The limb was immobilized in a cylinder cast for 4 weeks, and then full weight-bearing was allowed with progression to full activity. One year after injury, he had full range of movement in the knee, no length discrepancy, and no complaints. Radiographs showed no abnormality in the knee.
Discussion
Fracture of the proximal tibial epiphysis is a rare injury, accounting for between 0.5% reported by Peterson and Peterson5 and 3.06% reported by Shelton (Figure 4 ). In the first type, a small fragment representing part of Figure 3 . Case 2 Initial lateral radiograph demonstrates that the entire tongue formed by the anterior tibial epiphysis is hinged upward, and a fracture line passes obliquely downward across the metaphysis (arrows) the tubercle is avulsed and displaced upward. In the second type, the secondary centre of ossification in the tubercle has already coalesced with the remainder of the proximal epiphysis and the entire tongue formed by the tibial tuberosity on the epiphysis is hinged upward. In the third type, the line of fracture passes upward and backward across the proximal articular surface of the tibia. Burkhart It is interesting that one of our cases (case 1), who sustained simultaneous bilateral avulsion fractures of the proximal tibial epiphysis, suffered injury to his right leg from the initial spring-off to a long jump and to his left leg from landing at the end of the jump. There were only three reports of simultaneous bilateral avulsion fracture of the tibial tubercle. This type of fracture appears to heal well after closed reduction where the knee is extended by putting strong pressure over the tibial tubercle. Plaster cast immobilization in extension of the knee is continued for 4-8 weeks, depending on the adequacy and stability of the reduction. All incidents of this type of fracture occurred in older adolescents from 15 to 18 years of age, with the exception of Silberman's one case of a 12-year-old boy. Although two cases in our series showed epiphyseal closure on follow-up radiographs, no angular deformity or leg length discrepancy occurred because the patients were close to skeletal maturity. Vascular impairment is the most serious complication of this injury. A hyperextension injury that results in posterior displacement of the shaft or a direct crushing force may cause vascular compromise. However, an avulsion injury of the proximal tibial epiphysis may have less potential to damage the popliteal vessels because the periosteum on the posterior surface of the tibia remains intact and protects the popliteal vessels.
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